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ABSTRACT

The object of this study was to investigate the stability of corrosion
inhibiting systems found in brake fluids approved under Federal Specification
VV-H-910a after extendci storage of the fluids in stee! and glass containers.

Corrosion and oxidation stability tests outlined in VV-H-910a were
conducted on twenty-two approved flu:ds after 2% years storage in 5-gallon
steel containers and on eight approved fluids after 5 years storage in
l-gallon glass containers.

In all tests conducted there was evidence of inhibitor instability or
depletion. Sixteen of the twenty-two fluids stored in cans and five of the
eight fluids stored in glass failed to meet minimum requirements of specifica-
tion VV-H-910a. Nine of the fluids stored in cans and three of the fluids
stored in glass also fail the more relaxed requirements of Society of Automo-
tive Engineers Specification, 70R1, which is the controlling specification of
the Federal Register.
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i INTRODUCTION

The U.S. Army Coating and Crenlca! Labtcratory; Aberdesn Proving Ground,
Maryland, was authorized bty AM; Directlive, AM{ Code 5025.11.802, dated
2L july 1964 to conduci research on hydraul.: trake fiu.ds.

One area of investigation concerned the effectiveness of corrosion
inhibitor systems of brake fluids after prolonged storage in containers.
Experience had indicated that sometimes the inhibitors were chemically
unstable and were rendered ineffective ty “he .nterreaction of the chemicals
which composed the inhibitor formulaticn. This was evidenced by the formation
of precipitates or sediment «n cans of stored !'rake fiuids. !t was believed
that inhibitor depletion may also occur in other instances not visually
evident. Jn order to determine if this was the case, corrosion and stability
tests were conduzted on trake fluids which had been approved under Federal
Specification VV-H-910 and stored in their origina! stee! containers for 23
years and in glass botties for 5 years. This report contains the results of
these tests.

1. DETAILS OF TEST

A. Brake Fluids Tested

Series | - Twenty-two fluids which had been approved under Federal
Specification VV-H-910a were tested. These fluids had been in storage in an
unheated warehouse in their original 5-gallon steel containers for 30 months.
Each can contained approximately 2 to 3 gallons of fluid. Eight different
brake fluid manufacturers were represented in this series of tests.

Series 2 - Tests were conducted on eight of the above fluids which
had been stored in glass bottles at room temperature for five years. Six
different manufacturers were represented in this series of tests.

B. Tests Conduc:ted

a. Corrosion test - Ali fluids were subje:ted to the corrosiveness
test specified in paragraph +.5.1! of Federal Specification VV-H-910a. This
test consists of the immersicn of a set of six diffsrent metals (in electrolylic
contact) in the fiuid being tested, and heating at 2!0°F. for 120 hours. Weight
loss of the metal specimens is meesured and visual evidence of corrosion is
noted.

b. Stability test - Al! fluids were subjected to the stability test
specified in paragraph 4.5.14 cf Federal Speuit¥icarticn VV-H-910a. This test
consists of the partial immersion of a se* of aluminun and cast iron test
specimens (electrolytically coupled) in a sazple of the fluid to be tested.
0.2% Benzoyl Peroxide and 5% waxer is d.ssolved in the fluid. The test speci-
mens are immersed for 3 days a: roor temperature and for 7 days at 158°, after
which weight loss is calzulated and visua! e..dence ¢f corrosion noted.

1. RESULTS OF TESTS

Fourteen of *he =wentv-two brake fluids in Sz-ies ! fa.led :o reetv the
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miniaun rege cements of VW-H-910a i the ~crrosion test. Ten of the fluids
failed the oxida't.on s+ab.lity tes<.

Four cf the e:ght fluids :n Series Zz falled the corrosion test and four
failed the stability test.

Nine of the fluids stored in cans and three of the fluids stored in glass
a':o be judged to fa:l the more relaxed requirements of Society of Automotive
Engineers Specification 7J0R1l, wh:ch is tne controlling specification of the
Federal Register.

A comparison of test results w.,th the results received at the time the
fluids were originally qualified showed that in nearly every test there was
evidence of inkib:tor depletion upon storags, even though several of the fluids
sti!l met the minimum requirements of the specifications.

It is of iuterest to note that five of these fluids were placed in systems
s mulating standby storage. Four failed after one year's storage and one passed.
All four fluids failing the standby storage test also fail in this storage
test and the one which passed in standby stcrage was satisfactory in this test.

IV. DISCUSSION

Public Law 87-637, approved September 4, 1962 states that hydraulic brake
fluids sold through interstate commerce must meet certain minimum physical
and chemical requirements as set forth in the Federal Register without any
time requirement. In addition st would be completed undesirable from the
military point of view to have a brake flu.d in a vehicle which would fail
in storage. Resuits included in this report show that there is a serious
problem and that a comprehensive study must be made to eliminate instability
of brake fluid upon aging.

Brake fluids are composed of nany combinations of base lubricants, sol-
vents, and inhibitors. Since Federal Brake Fluid Specifications are '""Perfor-
mance'' specifications, a wide variety of components are used. The most
commonly used base lubricants are either castor oil or polyoxyglycol types.
Solvents are usually alcohols, glycols, glycol-ethers, cr combinations of
these materiais. The inhkibitor system gensrally consists of alkaline materials
in combination with antioxidant chemicals. Fluids may contain mixtures of
base lubricants, many solvents, and many reactive inhibitors. The inhibitors
may interreact, deteriorate or become depleted. Some of the situations which
may accelerate the breakdown of the inhibiter system are: contact with metals,
presence of water, and fluctuating temperatures. However, the fact that it is
possible to prepare hydrauiic trake fluids wnh.ch are stable in storage is
'ndicated in the *test resuizs. (Tabiez ' and 1!).

The following studies are in prcgress cor planned:

i Correlation be“ween hrake Fluid composirion and storage stabil.ty,

2. Factors affeciing inhib.tcr hreakdown.

3. Development of z:c: erated test methods foo predicting shelf life
of brake fiuids.
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The matter of instability of hydrauli:z brieke flu ds upon aging has been
brought o the attention of fluid suppliers and the automctive industry thiough
the Society of Automotive Engineers Ad Hcx Commit<ee on Brake Actuating Systems.
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APPEND 1 X

TABLE |

SER!ES t - 23 YEARS STORAGE IN 5 GALLON STEEL CONTAINERS -

VV-H-910a BRAKE FLUIDS

Fluid No. Corrosion Test Stability Test

1 0. K. 0. K.

2 0. K. 0. K

3 “%Aluminum -~ Pitted “Aluminum - Pitted

L 0. K. *Aluminum - Pitted

5 “*Aluminum & Brass - Moderate Stain **Aluminum & Cast lron -
Pitted

6 *Brass ~ Moderate Stain “Aluminum & Cast lron -
Pitted

7 “Brass - Moderate Stain 0. K.

8 “Aluminum - Moderate Stain *Aluminum - Pitted

9 *Aluminum - Moderate Etching 0. K. .

10 *Aluminum ~ Pitted, Brass - Moderate 0. K.

Stain
11 “Brass - Moderate Stain 0. K
12 *Steel ~ Pitted, Cast iron - 0. K.
Moderate Stain

13 “Brass - Severe Stain 0. K.

14 0. K. 0. K.

15 “Aluminum Moderate Etching wAluminum & Cast lron -
Pitted

16 “Aluminum - Pitted “Aluminum - Pitted

17 0. K 0. K.

18 0. K 0. K.

19 . K. “Aluminum - Pitted



TABLE | - Cont'd.

SER{ES ! - 2% YEARS STORAGE IN 5 GALLON STEEL CONTAINERS -
VV-H-910a BRAKE FLUIDS

Fluid No. Corrosion Test Stability Test
20 0. K. “Aluminum - Pitted
21 Alumirum - Pitted “AJuminum - Pitted
22 *Aluminum -~ Pitted, Brass - “Aluminum -~ Pitted

Severe Stain

Yty Fails to meet minimum VV-H-910a requirements.
*%Fails VV=-H-910a and SAE 70RI1.



TABLE 11

Series 2 - 5 Years Storage in Glass Containers

VV-H-910a Brake Fluids

Fluid No.

Corrosion Test

Stability Test

4

10
12
15
21

0. K.
*Brass - Severe Stain
*Brass - Severe Stain
0. K.

%Aluminum - Pitted
0. K.

0. K.

“%Steel-Pitted, Brass-Severe Stain

*%Cast Iron - Pitted

0-

K.

YAluminum - Pitted

Oo

Ko

“Aluminum - Pitted

0.

0.

Ko

Ko

% Aluminum - Pitted

% Fails to meet minimum Specification VV-H-910a Requirements.
“% Fails VV-H~910a and SAE 70R1.
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